Three new polyhydroxysteroid glycosides, regulusosides AC (13) along with the previously known five steroid compounds (48) were isolated from the tropical starfish Pentaceraster regulus. The structures of compounds 13 were established by extensive NMR and ESI-MS techniques. New glycosides have the same aglycon, (24S)-5-cholestane-3,5,6,8,15,24-hexol, and various disaccharide moieties: (3), attached at C-24 of the side chain. Compounds 1, 2 and 6 exhibit potential immunomodulatory properties, inducing intracellular ROS (reactive oxygen species) formation in the RAW 264.7 murine macrophage cells.
Starfish contain the structurally diverse low molecular weight natural products, which have been reported to show a wide spectrum of biological activities [1] . Sphingolipids: ceramides, cerebrosides and gangliosides, are common secondary metabolites of starfish [1] . Alkaloids, anthraquinones, nucleosides and peptides have been also found in starfish [1] . At the same time, polar steroid compounds are the most widespread structural group of secondary metabolites from starfish, which includes polyhydroxysteroids, related glycosides of polyhydroxysteroids, and steroid oligoglycosides -asterosaponins, comprising from four to six monosaccharide units [1] . Glycosides of polyhydroxysteroids from starfish have highly oxygenated steroid aglycons with the number of hydroxyl groups from three to nine, and one, two or rarely three monosaccharide residues.
The starfish Pentaceraster regulus Müller & Troschel, 1842 (order Valvatida, family Oreasteridae), also known as "spotted starfish", inhabits tropical waters of Indian and Pacific Oceans. Previously Indian research group of Venkannababu et al. carried out the isolation and structural study of three cerebrosides, regulosides A, B and C, from P. regulus [2] . In addition, another Indian research group of Anjaneyulu et al. found a new dimeric dipeptide in this species [3] . However, no polar steroid compounds have been isolated to date from P. regulus. Herein, we report the results of studies on the polyhydroxysteroid glycoside fraction from the ethanolic extract of the starfish P. regulus, collected near Cham Islands (Vietnam) in the South China Sea. We describe the isolation and structural elucidation of three new polyhydroxysteroid biglycosides, regulusosides AC (1-3), along with the previously known five steroid compounds (4) (5) (6) (7) (8) , as well as their effects on intracellular ROS (reactive oxygen species) formation in the RAW 264.7 murine macrophage cells.
The concentrated ethanol extract of P. regulus was subjected to sequential separation by chromatography on columns with Polychrom-1, Si gel, and Florisil, followed by HPLC on Discovery C18 and HS C18 columns to yield three new glycosides 1-3 ( 1), and five known steroid compounds (4) (5) (6) (7) (8) . The known compounds were identified by comparison of their 1 NMR and MS spectra showed the presence of two monosaccharide residues, one pentose and one O-methyl-pentose, and a hexahydroxycholestane moiety in 1.
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The application of 1D and 2D NMR experiments, including 1 Figure  2 ). The analysis of the 1 H and 13 C NMR data of 1 suggested that aglycon of regulusosoide A is related to that of co-occurring nodososide (4), namely, the same 5-cholestane-3,5,6,8,15,24hexol glycosylated at C-24 of the side chain [4] . The proton and carbon resonances, and the proton coupling constants of the carbohydrate moiety in the 1 Table 2 ). The carbon and proton signals and the corresponding coupling constants of the internal monosaccharide unit of glycoside 2 coincided well with those reported for a 2-O-substituted -L-arabinofuranosyl residue [7] .
The attachment of the carbohydrate chain to the aglycon and the position of the interglycosidic linkage were established from the ROESY and HMBC spectra, where cross-peaks between H-1 of Xyl p and H-2 (C-2) of Ara f , and H-1 of Ara f and H-24 (C-24) of the side chain of aglycon were observed. As a result, the structure of regulusoside B was determined as 2. Figure 2 : Key ROESY correlations for compound 1. Table 2 ). The found proton and carbon signals, and the corresponding coupling constants of the terminal monosaccharide unit of 3 corresponded well with those of the 2-Omethyl--D-xylopyranosyl unit reported for co-occurring nodososide (4) and other starfish steroid glycosides [4, 7] . In the ROESY and HMBC spectra, the correlations between H-1 of 3-OMe-Ara f and H-24 (C-24) of the aglycon and H-1 of 2-OMe-Xyl p and H-2 (C-2) of 3-OMe-Ara f supported a (12) interglycosidic linkage and attachment of the carbohydrate chain at C-24. Thus, the structure of regulusoside C was defined as 3. So, we have isolated and structurally elucidated three new biglycosides, regulusosides A-C (1-3), from the starfish P. regulus, which are structural analogs of the previously known nodososide (4) from the starfish Protoreaster nodosus [4] and differ from it only in structures of carbohydrate chains.
We have studied the cytotoxicities and potential immunomodulatory properties of the compounds 1, 2, 4, 6-8 using murine macrophages of the RAW 264.7 cell line. Neither compound showed a cytotoxic effect within a concentration range of 0.001100 M that was evaluated by MTT assay. At a non-cytotoxic dose of 10 M, regulusosides A (1), B (2) and steroid hexol 6 increased ROS formation in the RAW 264.7 cells on 35%, 28%, and 33%, correspondingly (Figure 3 ). Thus, compounds 1, 2 and 6 were shown to exhibit potential immunomodulatory properties.
Experimental
General: Optical rotations were determined on a Perkin-Elmer 141 polarimeter. The 1 H and 13 C NMR spectra were recorded on a Bruker DRX 500 spectrometer at 500.13 and 125.76 MHz, respectively, and a Bruker AVANCE III 700 spectrometer at 700.13 and 176.04 MHz, respectively, with tetramethylsilane used as the internal standard. The HR ESI and ESI-MS/MS mass spectra were recorded on a mass spectrometer maXis Impact (Bruker Daltonik, Germany); the samples were dissolved in MeOH (c 0.001 mg/mL). HPLC separations were carried out on an Agilent 1100 Series chromatograph (USA) that was equipped with a differential refractometer; Discovery C18 (5 m, 250  10 mm) and Discovery HS C18 (5 m, 250  4 mm) columns (Supelco, USA) were used. GC analysis was performed on an Agilent 6850 Series chromatograph equipped with a HP-5 MS (30 m × 0.25 mm) capillary column over the temperature range 100270ºC at 5ºC/min with the carrier gas He (1.7 mL/min); the temperatures of the injector and the detector were 250 and 270ºC, respectively. Low pressure column liquid chromatography was performed with Polychrom 1 (powdered Teflon, Biolar, Latvia), Si gel KSK (50160 m, Sorbpolimer, Russia) and Florisil (200300 mesh, Aldrich Chemical Co.). Sorbfil Si gel plates (4.5  6.0 cm, 517 m, Sorbpolimer, Russia) were used for TLC. 
Extraction and isolation:
The fresh animals (3.15 kg) were cut into small pieces and extracted twice with EtOH (1.5 L/kg). The extract was concentrated in vacuo and the residue (100 g) was dissolved in H 2 O (1.5 L). The H 2 O-soluble fraction was passed through a Polychrom 1 column (8  62 cm) and eluted with distilled H 2 O until a negative chloride ion reaction was obtained, followed by elution with 50% aq. EtOH. The combined aq. EtOH eluate was evaporated to give a brownish material (4 g). The resulting total fraction was chromatographed on a Si gel column (7  18 cm) using CHCl 3 -EtOH (stepwise gradient, 3:1 to 1:3), EtOH, EtOH -H 2 O (stepwise gradient, 10:1 to 10:3) to yield nine main fractions (19). Fractions 2-4 contained of polyhydroxysteroids and related glycosides. Fractions 2 (144 mg), 3 (127 mg) and 4 (125 mg) were purified on a Florisil columns (2  6 cm) using CHCl 3 -EtOH (stepwise gradient, 2:1 to 1:1). Purified fraction 2 was subjected to HPLC (Discovery C18, 64% aq. EtOH, 1.3 mL/min) to yield 5 (0.8 mg, t R 20.4 min) and sub-fraction 2.1. Purified fraction 3 was subjected to HPLC (Discovery C18, 60% aq. EtOH, 1.3 mL/min) to yield 6 (1.0 mg, t R 21.4 min) and sub-fractions 3.1 and 3.2. Purified fraction 4 was subjected to HPLC (Discovery C18, 57% aq. EtOH, 1.3 mL/min) to yield sub-fractions 4.1 and 4.2. Sub-fraction 2.1 was submitted to HPLC (Discovery HS C18, 78% aq. MeOH, 0.6 mL/min) to give 4 (1.8 mg, t R 10.6 min). Sub-fractions 3.1 and 3.2 were submitted to HPLC (Discovery HS C18, 70% aq. MeOH,
